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Atwlraci

@cratt(ma! k’p spaw na~’ip,ati~m  has lJl I}IC p:Isl,  d IS curI  Cl)[lj’,  pMf(M’IIK’Li  Usi  Jl~
s)31cJns  i~’h(m  aJchi  tcct tlJ c was ori ~,i mill ) (icsi gac(i  10 accomm[xlalc  taiw ciata [JwsfcJs ami
cc)Jnpu(ing cJnriImmcnts  m’itb a tin>’ fl~icti(m  {~f Ihc cummt capability. Aci~ii  tioJdly,  [his
aJ”Chi  tCCt UJ’C J’C(lUilCS  C(NIStaJlt  hUIN:iJl  SU}r I”\  ’i SiOJl aJICi  illkl  \’Ct)ll(Ml. A ~YOlot  )’PC fOI a
s~stm  fvhicb  al lo\tJs  tdati vcly automakd  pmccssing,  d I a(iio  mc(Jic ciata I-ccci]e(i  in J1G41
J’CX1- time fIO1~~  NASA ‘S lICCP  SpaCC NCt\\IOI  k (IISN) without W’ Jc(icsigil  of IIw ~xis(iw
~~pcu ational ciata flow’ has bcm cic\rclopcd. ‘1 ‘ilis  s~xlcm can al lm\  f’ol m(wc I api(i rcsp{msc
a~ \\’cll  as Jllll(’h  J’cduc’c4i  stai”fiJlp,  (() SU[)[~)d  JHissio  J) nalrigatioJl  O]mali(ms.

lntrocluction

1 Jl (k! pasl :iJKi CIJJ’I  Cnl pJ’iidicc,  dCCJ> Space mn’igati[m  operations have kc]] rcl>’ing
{)11 a S) ’slcm  arch i tccllllc  that  \\’llS dcsigncxi  for Iapc {iata  tJ’all SfCIS. ‘1’hc cJllirc  na\i@ioJlai
pNXCXiUJ-C  mmi  SK of pmecssinp, batchc.s  of obscmatiom 10 cm cd spacmv  iifl initiai
mdi li ons ami tlm using, tk cotwdcd  initial conditions to IcgcJIcJatc  spaccrraft  tlajwlory.
‘Ibis padicc  Jmt onl)’  rcquiJcs umsfant human inlmmtion bu[ aiso makes it im]x)ssiblc to
pr~xcss (ia[a in an automated fashion.

11) cnlain  opcIdtioJMl  sccJKwios,  ii i s  (icsirabic  10 K’CIJJSi\’C]jr  P1’(KCSS (iata  as lhq’
txwmc  available and to obtain k most  cm  I ml iJI]pro\mwJ~l  (m siwxwrafl trajcclo }’ (\ ’icc.
tlw comctioJl on tile  iniliai  comiitions).  Since the cLJrrcJIt  softi~wc  s)’stcm  caJl not SCI \c this
PUJ ~X)SC, the dc\’cioplmmt  of the pmlo(j’pc S)’skin, u})id  is (illbtxxi the l<cnl-1’imc
Aut[matcxi  ] ‘iitcJ  (R’I’A1  ‘), is in(micxi  10 fi]] lhis \’scum. ‘1’hr fmdamcJl(al  buil(iing,  b]d
[~f }{’l’Al; is hc } ix[cJKic4i  K:IIIwiJ~ ] ‘iltcr  [kf’. 1 ], w’hicb  allmfs  pocessing,  of data onc at a
(imc. ‘1’he  ciata ciJi\’cJl fcatalc  of the syskm  takes ad~’antag,e  01 tbc architecture of tbc X-
Witl(ious  l<cal-’l’imc  IIispl+ (X R’1’11)  sof(uaJc I Ref .  ?] .  “1’his systcm  morks  mall  sivdy
an(i  cauh JccuJsiw  sly c o n s i s t s  o f  tbc follo\\JiJlp,s.  A ciata p[~int  is first  obt:iinc~i  and
\’ali(ialcxi;  lhcJ)  the spacxuaft 11 a@tor}’  is pr(qmp,atcd  to the Ii Jnc corrcsixmii  ng to t i~c (iata;
:!]}(! lhcI)  thC [i:ita  JX)int 1s USC.(i  to co l’CCt thc pI’(Jp:tp,:itd  spacN’J’dft  tJ”a~CCtOI’~,  \\ ’hl Cil \~’1 i i bc
usc(i  foJ  pmpag,ating  tbc spacecraft tmjcct(w>’  when  ([IC nc,xl data point bcwmcs  alai  I :ible.



Approach

] n lhc R’I’A ] ‘, tk In(dds  fw the spacma(’1 dynamics aIK! I)lCaSllI’ClllCIltS  al’c  :i
subset  {f (hat in lhc opclatioaal  orl)il dclm mina(i(m sof(uwrc in J}>].. ‘1’hc spxxwaft
dy):imics  include [I)c tl-k)d)’ poin( tI)aw  :,]ii~’itiiliol]:il  aCCCICI  ati(ms, solal-  radial  ion prcssl]l’c

\\i  [h an assured  c)li mll-ical  spun aft gcomc[q’,  a 1 i m ikd obla!  fmcss  pelt uhation,  and

accclc]  a[ions duc to mancm’m  molo]  tm IN of finilc time ]cilg,th.  ‘1’hc mcasu~cmcnl mxkls
a] c Jest]-idcd to tlm cohci cat t wfo-wa>’ 1 k)pp]cf  \\’i Ilt pl cci sion 1 i ght Iimc colrcctions  1[)1
(I dmmission  an~i rccci]i~)p,  lims, as \\’cll as tl-~)p)sphcric dcla)’ cd’ lhc radio siga:il.  1 ‘II ICI
paIamctcrs  include  Ihc spaccn’af( StillC  (p(xilion  and \clwitj’)  and SYSICIN paJ2ilNC(CI’S.

(;lll’l  CIlll~’,  (1V2  h)’dJ’(MatiC  all(i \\rCt  mnith  (iCla)S  of IIIC h“OpoSphC1’C  al”C t l’CiilCXl  a$ S)’StC’Ill
JXi]’itlllC~CIs.  <)[]IC1  Cxalnp]cs  of” s)’stcn) Jx!ral))CtcI  S :il c! So]al  1 adiat  ion pl”CSSLII”C  :itd filli(C

mol(M  bum  direction and du]atim

LJsing IIN I k[cmied  Kalman  1 iltcr modc!in~  ticf]niti(m, the spacccraf[ (I)rnamics  arc
moctclcxi  bj’ first o~der  nodincdr stochastic diffcrcn(ial  equations, lhc s) ’slcm  p211’iil)lCtCIS  I)J’

fi I st oi dcr Gauss- Markm’ pmcms, ami l~)~iis~]]~]])c])ki by di SCI-CIC  nonl i mxw  cqua{i[ms.

1 n alxnc  cquat ions, ~ is lhc spaccxrdft stale ~cck)]; q is (he d~mamic  s~’skm paJdmctcIs,

such itS solar pressure and mancm’c.r  pammc(e)s;  y is (he grou n(i S) ’slcm pal’ anlclcrs,  f’or--
example, lhc troposphmic  Y,cnith delays. 1’01- Ihc mcawrcmml  m(xid,  three ti mm arc
in\d\cd,  lhc s{ation tfiinsmissim  [imc l; , lhc slalion lcccil)ing  lime ( ~, ami the spacccmft

, ~, ai I COI Icspond i t~g 10 (1w k- [h ciala point. ‘1 ‘hcsc ti mm arc rclatcki  \’iatransmission ii mc I
precision (imc IIzil]sforl]la(ic)jls  bet uwn  Sliitio))  Iimc tiad  c.phcmcris time as tf’cll as prcxi sion
light  (i mc comclions. Statistical assumptions arc the uswd ems, such as the noise terms
}y , ~ , @, iitl(i  1’ arc UIICO1”I”Cla(CLl  atld aI-c t>f mean mm. l)alii \aliciati{m  is a simple mi ndcxi
iil)])l”(XICh currcml]  y, u’hich is h) chcrk  that each rait’ da[a point Iics \\’i thin a spcci f] c~i
~ic~’iation  limit. llila  oulsidc of (his limit is {iiSCill”LiCd.

‘1’hc data flour fmm NASA’s IX+N  10 lhc  m~’iga[i(m  \io]ks{ii(io])” is accomplis}mi
\ia the si~]))~ interface as is USCCI \\rith  the X 1<’1’11  sof[ffarc S) IStCIII (RCf. 2). I’his S)rStCIN
taps into [ilc already cxisling, rmiio  mclI ic info] mation st[cam. l>ata flo\vs from each DSN
antenna to the ~lroun~i  C:cllllIllllllic:l[i(JIls  1 kilit~’  ((; (:}’) l(X~i)lCd al .lI]l..  1 ‘mm Itlis facility,
[k (iata  flow’s k) VAX c(mpulcrs l~rhich scn’c the Radio h4ctric  1 lat:i <kmii  lioninp,  lcam,  a

pu I of the DSN’s Multi  h4issiorl  Na\i~alion ‘1’cam at J]’],. At this point, an auxiliarj’ da[;i
slmml is crca(d ~~’hich  allovrs  the lracki J):, (iata k) flotf> from (his I ISN CON patcI  through  a

:,atct~ay  maci~ir]c  also c~mtrollcd  b) the l>SN to [hc tm\igati(m opcu atiom \ioks[ii~iol).”
“1’his galc\wiy  is COIIIICCtCLi  \)ia 111 X;NI ;1’ (() the 1 JSN VAX iirld }]i~ ‘1’Cl’/ll’  (L) the
nati:,:iti(m  \\ ’( Wksliitioll. ‘]”hc dir’ccli(m of the ciata f]o\\’ 1S’ CkCIUSl\’C]~’ cor~h(~llcd  fJ’om the
scmrc  DSN m:ichincx  and is lcstric(c(i  to a limitc~i  set of operations machines. Aciditionail~
no di rc<[ ~()~]lii~t bctwccn  the lISN opcrat  ions computer ami pr(@ct  u)mput cm (xcurs.
I lo~i’ct’cr,  ti)c  rcwit  is that the I]ii\]giili(m  u’~~Jkslalims  rccci\c  the same h4ai[i  h4ission
S])~i~c~[i]fl  Rcc(ml  (MMSI’1<) file that cxisk  on [}IC IJSN  C(MnpLItCIS  \\)it})  a time la~, Of 1)()
more thaa onc minute.  1 ‘igure 1 illuslralcs  lhis (iata floi~  as N’cil as }Iighligh(s Ihc sofl~v:irc
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accc.ss  the ]atcst  dat[i  from [his file.
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Conclusions and l~ufurc  l’lans

‘1’hc RF J’A1: q)rcsc]~ls a radical]) diffcmnt  \\aj to pcr(txm dq spat’c mi\ip,iitiol]
opcrat i[m. I t has been slmwm (() bc \\ ’cl I sui tui for ml-Ii me au[omatcd data pr[xcssin~,
flhich  Jvoulci  bc impossible [() accomplish using the Imditional balcb or bakb scqucwlial
flllcr and il bas high ~x)lcnlial  in aukmomous  na~’igaliml  ap])licalions. 1 n acidilion,  it
prm’icics sip,nificant  ahwtltages O\eI- [be lrdilional  cp(Kh WIIC 01 pseudo  cpocb  sl:i~c
f(~l mul:itions in its simplicilj  and cx(cnsibility  as vdl as its natuml wa)’ of m(xklin~, the
tcnlpol’al process.

‘Ilmup,h  this prolol)yc has gI WI promises, 10 tx 1 I ill} an opcmlicml  kxll, mm c
IIIOA nmls  to h done. ‘1’hc tut UT c dmdopmcnt \\’i I 1 cxpami tbe spacccraf( dynamic
mmic]s  ami obsm’able nmids.  MOJC  sophist icatcxi  statistical met imis \\’i I I bc incoqxwat cd
in ciata  and solution \dicia(icm.  (Uwmlllj’ lhc system outputs a time i~isl(~r)’  of cimllgcs  in
!hc csli  malcxi  parameters. It is Licsimi to ilalc this sjs[m inlmfacc ~iirwtlj \\ith CMV2 or
mom Con] mcwial  numcri d ciat2d  analysis paciw~,cs  to ai 10WI  g,rcx(cr data analysis
capabi ii [i m.’1 ‘i~is pmtot  ypc I!ras (ie}’clopxi  in 1 css than (m )’C:{l” llsi Ilg l~~l~s of al r~aciY
mistinp, systems. I 1 is plmmxi 10 (ievclop a c(mlplclc]!  m3\J opcral i(mal ((x)1 basc(i (m Ibis
s) ’slcm (icsign  ~iurin~,  Ihc nexl ci~$tccn months.

“I”hc Icscarch cicscIit)cd in [his papcl ~ids C;II lid cml 1)>’ Ihc .lcl 1’1 ~ymision
1 ,atxml(wy, (lilifomia  lnstitu(c of “1’cchndog>,  un{ier a c(m[ract  \\ith  the National
Ammautics  anti Spice  A(i]]lit~ist[iitic)]].
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